Aim: This study aim to evaluate the effect of time of admission on mortality of patients admitted to the ICU. Method: This retrospective study included 391 of patients admitted to the ICU of an academic hospital during one year. Patients were categorized according to time of admission: working-hours and off-hours. Mortality was compared in the groups and associated factors of mortality were examined. Results: Two third of patients were admitted during off-hours. There was no significant difference in the GCS, age and length of stay among patients admitted during working-hours and off-hours. There was no difference in mortality among patients admitted during working-hours and off-hours Mortality was significantly higher in older and more severe cases, regardless of time of admission. Conclusion: Time of ICU admission does not have significant effect on patient's outcome.
Introduction
Patients admitted to the internal care unit (ICU) often have multi organ failure and different abnormalities that require special care. The availability of appropriate diagnostic test and treatment is more imperative in the first few hours after admission, when patients are more likely to be critically ill, unstable and require vigorous care [1, 2] . Several cohort studies have demonstrated that ICU staffing may affect patients' outcome. High-intensity physician staffing (mandatory intensivist consultation or closed ICU) reduces ICU mortality and lengths of stay when compared with low-intensity physician staffing (no intensivist or elective intensivist consultation) [2] . Staffing levels in ICU tend to be lower during evening-night, weekend and holiday shifts (referred as "off hours") compared to the morning shift during weekday (referred as "day shift" or "morning hours" or "working hours"). This might be most important for the first few hours after admission. Within this time the initial diagnosis are made and the treatment plan are formulated [3, 4] .
Because of lower staffing levels in the ICU during "off-hours" most of the mortalities may occur in this period [2, 5] . Recent studies have shown the relationship between the time of admission and patient's outcome with contradictory results [3, [6] [7] [8] [9] [10] [11] [12] [13] . While some studies showed a poor outcome for patients admitting during offhours [7, 14] . other reported a surprising better outcome [1, 2] . This discrepancy might be in part due to differences in case mixes, number of medical personnel, and the available technology among different studies. Additionally, not all studies have taken into consideration the presence of important confounding factors, including: patient's origin, co-morbidities, and the intensity of care during off-hours [3] . If patient presenting during off-hour have a poor outcome, this would have serious implications for health-care administrator and insurance provider. The goal of the current study was to investigate the effect of time of ICU admission on ICU mortality among patients admitted to the general ICU of a Hospital in Northern Iran. It was hypothesized that mortality might be higher in off-hour when lower personnel are present.
Method
In an attempt to compare the mortality rate and time of admission to the ICU: off-hour, working-hour, and the possible effect of fewer ICU medical personnel and other associated factors on mortality, a retrospective study was conducted based on prospectively recorded data from patients admitted to the general ICU of a Teaching Hos-pital in Iran during one-year from 21  st of March 2008 to  20 th of March 2009. General ICU in the mentioned Teaching hospital includes nine beds. Adult ill patients over 16 year-old with different medical problems that required intensive care were admitted to this unit. In just few cases patient under 16 year-old were also admitted in this unit. Patients with surgical problems and post-operative were admitted to the surgical ICU. However, patients with internal neurosurgical and orthopedic problems were also admitted to the general ICU.
In Iran, week days are defined by law as Saturday till Thursday, and Friday is considered weekend holiday. There are also two weeks new-year holiday and other public holidays. During one year round from March 21 st 2008 to March 20 th 2009, 78 days were holiday in total, including weekend, new year holiday and public holidays. According to the studied Teaching hospital's regulation morning shift is started from seven am to two pm; evening shift from one pm to eight pm and night shift from seven pm to eight am. One hour from seven am-eight am, one pm-two pm and seven pm-eight pm is considered as handover time when the ICU personnel from previous and next shift are both present. In the morning shift of week days, ICU personnel consisted of one board certified anesthesiologist physician, one medical resident, six critical care nurses and two trained ICU technicians. In the morning shift of the weekend and public holidays five critical care nurses are present instead of six. The number of ICU staff in the evening and night shifts of week day, weekend or public holiday include one board certified anesthesiologist physician, one medical resident, two trained ICU technicians but only four critical care nurses. During each shift the senior intensivist, an anesthesiologist physician leading the team, was fully responsible for the ICU care. Recorded data include age, gender, date and time of admission, GCS (Glasgow scale score), length of ICU stay, outcome (discharge from ICU or died in the ICU) and primary reason for admission. The primary reasons for admission to the ICU were classified as neurosurgery, toxicology and poisoning, respiratory, renal, hematology-oncology, orthopedics, gastrointestinal, obstetric and others (cardiovascular, infection, endocrine, urology, internal, neurology and surgery).
Patients were categorized according to the date and time of admission into two groups: working-hour and offhours admission). Working-hours group included admissions during morning shifts of the working days between eight am and two pm; and off-hour group included admissions in the evening and night shift (between two pm and eight am) in the week days or admissions at any time during the weekend and holiday. Because the presence of both previous and next shift personnel during handover time thus outcome measure (death and discharge) of patients admitted during handover time were excluded from the comparison analyses, however, there was no death recorded during handover time.
Because of the retrospective nature of the study some of the above information for few patients was missing. Time of admission in 33 subjects was missing. To assign an admission group for the missing 16 subjects randomly assigned in working-hours admission category and 17 subjects were classified in the off-hours admission group. Information for gender in three subjects was missing, of those two subjects were randomly considered as male and one as female.
Data Analysis
Results are expressed as mean ± SD (standard deviation) and percentage. Unpaired Student t-test and chi-square tests were used for comparisons of continuous and nominal data, respectively. Prognostic variables associated with mortality in the univariable analysis with p < 0.1 were entered into a multivariable binary logistic-regression model using backward stepwise variable elimination (p < 0.05) to estimate the odds ratios (OR) for in-ICU death. Statistical analysis was performed using SPSS 13 (SPSS, Chicago, IL) software. The significance level was defined as p < 0.05.
Results
During one year period 391 patients were admitted to the intensive care unit. Of those 37.6% were admitted during working-hour and 62.4% in the off-hour. 241 (61.6%) subjects were men and 150 women (38.4. Mean age (±SD) for men was 46.8 ± 23.9 and for women 50.3 ± 22.4. Patients aged 20 -29 year-old (19.4%) and 70 -79 year-old (14.6%) were the most common age group admitted to the ICU ( Table 1) . At the time of admission to the ICU the majority of patients (63%) had fairly good condition with GCS > 12. 4.9% of patients had poor condition with GCS <= 3. GCS was 4 -6 in 14%, 7 -9 in 11.9%, and 10 -12 in 6.2% of the admitted patients (Table 2). The primary reason for the ICU admission in about one third of patients was due to neurosurgical problems, followed by poisoning (16.2%) and respiratory failure (12.9%) ( Table 3) . Of 391 subjects 280 patients (71.6%) were discharged from ICU and 111 subjects (28.4%), including 60 men and 51 women died. GCS of patients who died was significantly lower and stayed longer in the ICU than those who survived (p < 0.0001). GCS in the death group was 8.7 ± 0.4 (mean ± SEM: standard error of the mean) versus 12.4 ± 0.2 in the discharged group. Length of stay in Total n = 383, missing data: 5. Total: n = 391; Missing data: n = 26; * Others include: cardiovascular, infection, endocrine, urology, internal, neurology and surgery the ICU was 13.8 ± 1.8 day (mean ± SEM) in the death group and 7.3 ± 0.6 day in the survived group. Mortality in women was slightly higher (34% in women vs. 4.9% in men). The gender difference in mortality was in a borderline significant difference (p = 0.05). GCS and length of ICU stay for men and women were 11.2 ± 0.3 vs. 11.5 ± 0.3 (p = 0.6), and 9.4 ± 0.9 vs. 8.7 ± 1.1 day (p = 0.5), respectively. There was no significant difference in the GCS and length of ICU stay between men and women.
147 patients were admitted during the working-hours and 244 in the off-hours ( Table 4) . There was no significant difference in the GCS, age and length of ICU stay among patients admitted during working-hours and offhours. Mean (± sem) for the age, length of stay, and GCS was 46.5 ± 1.9 vs. 49.1 ± 1.5 year (p = 0.3), 7.9 ± 0.8 vs. 9.9 ± 1.0 day (p = 0.1), and 11.5 ± 0.32 vs. 11.2 ± 0.26 (p = 0.5) in the working-hour and off-hour group, respecttively. There was no significant difference in mortality among patients admitted during working-hours and offhours (p = 0.4). The mortality was 25.9 % (38/147) in the working-hour admission group and 29.9% (73/244) in the off-hours admitted group (Table 4) . There was no difference in mortality among patients admitted in the morning, evening and night, and weekend and holiday (p = 0.046). Mortality was 25.9% (38/147), 31.6% (54/171) and 26% (19/73) in patients admitted during workinghours, evening and night, and weekend and holiday, respectively.
In an attempt to explore the associated factors related to the mortality backward stepwise regression was performed. Factors including: gender, age, GCS at admission to the ICU, length of stay in the ICU and time of admission (working-hours or off-hours) were entered into the model; of those GCS at admission and age were found to significantly affect the outcome (p < 0.0001). Mortality was higher in patients who were older and had lower GCS at admission. The effect of gender on outcome was borderline and tend to be higher among women (p = 0.07) ( Table 5 ).
Discussion
The organizational and staffing structure of an ICU influences the outcome of critically ill patients. A change in the ICU staffing structure frequently occurs at evening, night time and on weekends and holidays (off-hours). Thus, patients who are admitted to an ICU during offhours may be at higher risk of mortality. This hypothesis has been examined previously by several cohort studies. The results, however, have been contradictory. Whereas some studies reported an increased risk of death among patients admitted during off-hours [7, 14] , others reported a surprising protective effect [9, 10] . In the current study we evaluated the effect of time of admission on patients admitted to a general ICU in Northern Iran. The study showed that almost two third of the patients were admitted during off-hours (evening and night shift, weekend and public holidays), when fewer medical staff were present. No significant differences in age, GCS at admission, length of stay and ICU mortality of patient admitted during working-hours and off-hours were found, reflecting that patients admitted during both shifts had almost similar severity of illness.
The results of the current study are consistent with the findings of the previous studies in which no significant effect of time of admission on outcome were reported [10, 12, 15] . Moral and colleagues investigated the relationship between hospital mortality, length of stay and night time ICU admission, and showed no association [9] .
It has been also reported that adults with serious medical conditions are more likely to die in the hospital if they are admitted on a weekend than if they are admitted on a weekday [7, 11, [16] [17] [18] . Cram and colleagues showed that the weekend effect on outcome was larger in major teaching hospitals and is cause for concern [17] . Barnett et al. also reported the same result, but they argue that, the similar risk for death in patients admitted on Friday and Monday suggests that "weekend effects" may be associated with unmeasured severity of illness and/or selection bias than to differences in quality of care [7] . In the current study we also examined the effect of week day and weekend or holiday admission on outcome, and no significant association was found. The same result was also reported by others [6, 8, 12] .
The presence of an intensivist has been reported to be an important factor on ICU mortality. A study in the UK evaluating off-hour consultant coverage found that the mortality rate was lower for patients admitted to the ICU after the introduction of 24-hour intensivist coverage [19] . Goh and colleagues et al. confirmed those results for the pediatric ICU; 24-hour availability of intensivist was associated with improved outcome and use of resources [20] . Another study on a cohort of patients admitted to the pediatric ICU showed that lack of in-house intensivist presence is not associated with mortality; on the contrary, off-hours admission decreased risk-adjusted mortality and length of stay on the population studied [10] . In a large sample of ICU patients Levy and colleagues compared the hospital outcome between subjects cared for entirely by critical care physicians and patients cared for entirely by non-critical care physicians. Surprisingly, they reported that the odds of hospital mortality were higher for patients who were treated by ICU physician than those who were not [21] . Another study showed the same reverse result and the author explained that the lower percentage of patient transferred during off-hour, who might have ill condition, might be an explanation for the lower mortality among patient admitted during off-hour [3, 22] . In the current study there was an on-site board certified anesthesiologist in each shift, and therefore we were not able to compare the ICU mortality when the intensivist is present on site or on call. We, however, assume the presence of 24 hour anesthesiologist play an important rule on having a better outcome either during working hour or during off-hours when fewer nursing staffs are present.
Other studies reported that for ICUs, night-shift admission did not affect mortality than day time admission [9, 11, 12] and surprisingly might even be associated with lower death rate [9] . There are several explanations for these observations. Firstly, diurnal organization of hospitals (rounds, orders, examinations, secretarial, administrative, and teaching responsibilities; interactions with patient's families) has a negative effect on the quality of patient's care [3] . Secondly, nursing workloads might be heavier relative to the nurse/patient staffing ratio during the daytime resulting in diverted attention and energies and contributing unintentionally to higher mortality [23] [24] [25] . Finally, performing more invasive procedure and surgeries, and diagnostic interventions during the day time, each of which is accompanied by its own morbidity or mortality [26] . In our ICU like other ICUs more aggressive interventional diagnostic and therapeutic procedures are performed during the day, however, no significant difference in mortality between day and night admissions was observed.
There has been a consensus about the "golden hour" in ill patients admitting in the ICU. Timely intervention improves the outcomes of life-threatening illness; however, in the teaching hospitals because of the morning rounds at fixed times of the day patient's care is sometimes interrupted by educational sessions and rounds, resulting in delayed resuscitation of critically ill patients admitted to the ICU during rounds and providing a potential explanation for the higher mortality of patients admitted during this time period. Afessa et al. examined the association between ICU admission during morning rounds and mortality [27] . Their study results showed that patients admitted to the ICU during morning rounds had higher severity of illness and mortality rates. No such an effect was found in the current study.
Further analysis in the current data showed that regardless of time of admission factors such as age, and severity of illness measured by GCS at admission were found to affect the outcome. Older patient and those who had more critical condition at their admission had poor outcome. This study like other retrospective studies has inherent limitations that should be mentioned. The study was performed retrospectively by using prospectively collected data and as expected there was some missing data for time of admission, although we tried to handle the missing data by randomly assigning particular group category. The severity of illness is an important factor on outcome and the severity was compared by the GCS at admission. Although there was no significant difference in the GCS of patients admitted in off-hours and workinghours, GCS might not be a good marker to show the severity of illness or confounding variables that might have been affected the outcome. We did not have all information available to measure the APACHI or SAPS score, but, it is unlikely to affect the outcome as other studies in which severity of illness were adjusted using APACHI or SAPS scores showed the similar results [3, 9] .
Conclusion
A change in the ICU staffing structure frequently occurs at nighttime and on weekends (off-hours).The staffing structure of an ICU influences the outcome of critically ill patients. Previous studies examining the effect of time of admission on outcome have shown contradictory results. In this study ICU off-hours admission was not associated with a poor outcome than working-hours shift, consistent with a constant level of care, regardless of the time of admission.
